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Summary 



Acute pancreatitis was induced in 13 anesthe- 
tized dogs by retrograde injection of bile mixed with tryp- 
sin into the pancreatic duct. Six animals were treated with 
intravenous infusion of new synthetic antiprotease, Nafa- 
mostat Mesilate, at a dose of 1 mg/kg/h. Four out of seven 
untreated animals died during the experiment. All the 
treated dogs survived. Hemodynamic data were regularly 
monitored during a ten-hour observation period. Cardiac 
output, mean arterial pressure and left ventricular stroke 
volume decreased rapidly in the untreated animals. An in- 
crease in systemic vascular resistance and pulmonary 
vascular resistance was observed in dogs without treatment. 
Nafamostat Mesilate given as therapy significantly im- 
proved the hemodynamic parameters, and prevented the 
animals from developing shock. The study demonstrates an 
% \ advantageous influence of synthetic antiprotease Nafamo- 
: \ stat Mesilate on the course of acute experimental pan- 
: ? creatitis. 
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Introduction 



Active forms of pancreatic proteases are 
believed to play a crucial role in the pathogenesis of acute pan- 
creatitis (I, 2, 3). Thus, antiprotcolytic therapy could be of val- 
ue in the treatment and prevention of the disturbances that oc- 
cur during acute pancreatitis. Aprotinin, introduced into the 
therapeutic concept in 1954, does not seem to have had any 
clearly demonstrable therapeutic effect (1). A new Japanese 
Synthetic antiprotease, Gabexate Mesilate (FOY), recently in- 
troduced in some hospitals (5, 6, 7), seems to be a promising 
■ frug in the treatment of acute pancreatitis, although the clini- 
. Cal results are still unclear and need further investigation. 
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FUT-175, Nafamostat Mesilate, is another 
new synthetic protease inhibiting agent discovered by Jap- 
anese scientists. Recent investigations show a strong inhibi- 
tory effect of FUT-175 on serine protease both "in vitro" and 
"in vivo" (3,8, 9), and suggest that Nafamostat Mesilate might 
be clinically useful in the treatment of acute pancreatitis. The 
aim of this study was to investigate the effects of FUT-175 on 
hemodynamic parameters within the framework of experi- 
mental acute pancreatitis. 

Materials and methods 

Eighteen male mongrel dogs weighing 14-22 kg were 
initially anesthetized with intramuscular ketamine hydrochloride 
(lOmg/kg Ketalar, Park and Davis). Supplementary doses of pen- 
tobarbital sodium were administered intravenously as required. After 
tracheal intubation, a catheter for monitoring arterial blood pressure 
was introduced into the femoral artery. The next catheter was intro- 
duced into the femoral vein for blood sampling and the administration 
of medicaments. A flow-directed Swan-Ganz thermodilution catheter 
(Model 93 - 1 32-5F) was floated into the pulmonary artery through the 
other femoral vein. The position of the Swan-Ganz catheter was con- 
firmed by measuring the pressures during passage through the right 
heart circulation: vena cava, right atrium, right ventricle and pulmo- 
nary artery. Arterial, central venous and pulmonary arterial pressure 
were recorded hourly throughout the experiment, using a pressure 
transducer (Model P 23Db Gould) and a Sirecust recorder (Model B 
SI). Cardiac output determinations were obtained with the thermo- 
dilution technique, using a cardiac output computer (Tomel, Model 
COC-2). 

The animals were divided into three groups. Group 
A: Five dogs underwent laparotomy and duodenotomy only. Group 
B: After laparotomy and duodenotomy in seven dogs, the pancreatic 
duct was cannulated and acute pancreatitis induced by injection of 10' 
ml of bile admixed with 25 mg of trypsin (Serva) and incubated for 24 
hours at a temperature of 37 °C. The mixture was administered over a 
period of 5 minutes at a pressure of 70 cm H2O: All the animals of group 
A and B were given 50 ml of isotonic saline during the experiment. 
Group C: After induction of acute pancreatitis, the animals were given 
continuous intravenous infusion of Nafamostat Mesilate (Tori and 
Co., Ltd) at a dose of 1 mg/kg/h mixed with 50 ml of isotonic glucose. 
Administration of FUT-1 75 - given by an automatic pump - started 30 
minutes after the induction of acute pancreatitis, and lasted five hours. 

All the animals were observed over a period of ten 
hours. Hemodynamic parameters: cardiac output (CO), mean arterial 
pressure (MAP), heart rate (HR), central venous pressure (CVP), pul- 
monary arterial pressure (PAP) and pulmonary wedge pressure (PWP) 
were monitored every hour. The calculation of systemic vascular re- 
sistance (SVR), pulmonary vascular resistance (PVR) and left ventricu- 
lar stroke volume (L VSV) were estimated in accordance with the usual 
formulae (15). 
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Fig. 1 Cardiac output in experimental 
acute pancreatitis. Group A (n = 5) - con- 
trol. Group B (n - 7) - acute pancreatitis 
without treatment. Group C (n = 6) - acute 
pancreatitis treated with FUT-175, Mean 
values ± SD; P < 0.05 as compared with 
corresponding values of group B 
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Fig. 2 Mean arterial pressure in groups A, 
B, C. Mean values ± SD; P < 0.05 as com- 
pared with corresponding values of group B 
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Fig. 3 Left ventricular stroke volume in 
groups A, B, C. Mean values ± SD; P < 0.05 
as compared with corresponding values of 
the group B 
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Fig. 4 Systemic vascular resistance in 
iv groups A, B, C. No statistical significance 
; between groups A and C 
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The data were analysed statistically using Student's T 
test, and p values < 0.05 were considered significant. 

Results 

Acute hemorrhagic pancreatitis, confirmed by 
histological examination developed in all the animals in 
groups B and C. The morphological changes - which were less 
pronounced in the animals treated with FUT-175 — included 
necrosis of the pancreas and accumulation of hemorrhagic 
fluid within the peritoneal cavity. Four dogs (57%) in group B 
died during the experiment (after the fifth, sixth, seventh and 
eighth hours). All the animals in group C survived. A rapid sig- 
nificant decrease in CO, MAP and LVSV was observed in the 
untreated animals in group B. This was not seen in the animals 
treated with Nafamostat Mesilate (Fig. 1, 2, 3). PVR rose in 
ftags not receiving treatment, and to a smaller extent in the ani- 
mals receiving FUT- 1 75 (Fig. 5). A slight, statistically non-sig- 
nificant increase in SVR was observed in both group B and C 
ffrig. 4). 



Discussion 



Experimental and clinical studies indicate that 
severe acute pancreatitis causes the infiammed pancreas to lib- 
erate active enzymes and toxins into the peritoneal cavity, the 
retroperitoneal space and the general circulation ( 1 , 11). The 
activation of the kinin system, an increase in prostaglandins, 
and the formation of a substance that increases vascular per- 
meability, may be important in the pathogenesis of the shock 
syndrome (2). Trypsin, being a potent unspecific protease 
capable of activating other enzymes (2), can release brady- 
kinin and induce C3 and C5 activation, and may have a signifi- 
cant role in the development of ARDS (1). Finally, phospholi- 
pase A2, in particular, has been implicated as an agent that 
causes direct injury to the pulmonary capillary endothelium, 
aggravating the respiratory insufficiency (12). 

Our present study confirms hemodynamic 
consequences in experimental pancreatitis (2, 13), although 
they are different from hemodynamic data obtained in 
patients under clinical conditions (10, 11). Untreated animals 
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developed progressive circulatory insufficiency as reflected in 
the decrease in CO, MAP and LVSV. A significant rise in pul- 
monary vascular resistance may indicate the development of 
ARDS in the early stage of acute pancreatitis (14). 

The circulatory changes mentioned above 
were significantly less pronounced in the group receiving Na- 
famostat Mesilatc as therapy. Thanks to its strong inhibitory 
effect (100 times stronger than other antiproteascs) (9), and 
wide spectrum as a protease inhibiting agent (3, 8), FUT-175 
protected all the treated animals from severe hemodynamic 
disturbances. A specific inhibitory action of FUT-175 on the 
kinin-kallikrein system (3, 8) reduces membrane permeability 
and prevents hypovolemia and shock. 

The other complications connected with 
coagulation and fibrinolysis in acute pancreatitis could be pre- 
vented by FUT-175 thanks its inhibitory effect on thrombin 
and plasmin (3,8). 

On the other hand, apart from preventing the 
formation of cytotoxic lysolecithin in the pancreas (6), the in- 
hibition of phospholipase A2 could protect pulmonary surfac- 
tant from enzymic degradation and thus prevent the develop- 
ment of ARDS (12). Similarly, the inhibition of the comple- 
ment system by FUT-175 (3, 8) could, in theory, also afford 
protection from pulmonary consequences in acute pan- 
creatitis (1). 

Finally, Nafamostat Mesilate could be consid- 
ered clinically useful in the treatment of acute pancreatitis. 
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